Abstract. MicroRNAs are a class of small endogenous noncoding RNAs that play crucial roles in the initiation and progression of human cancers. miR-186 was found decreased in various human malignancies and function as a tumor suppressor. However, the regulating mechanism of miR-186 in growth and metastasis of human non-small cell lung cancer (NSCLC) is still poorly understood. We investigated the role of miR-186 in the growth and metastasis of human NSCLC. In the present study, we found that miR-186 was significantly decreased in lung cancer tissues and cells. Furthermore, overexpression of miR-186 suppressed lung cancer cell proliferation, migration and invasion, and induced cell apoptosis. Moreover, we found that confirmed mitogen-activated protein kinase kinase kinase 2 (MAP3K2) protein was increased in lung cancer tissues and confirmed that MAP3K2 is a target gene of miR-186. In addition, knockdown of MAP3K2 by RNA interference inhibited lung cancer cell proliferation, migration and invasion, and promoted cell apoptosis in vitro. Furthermore, we observed tthat the overexpression of MAP3K2 partially reversed the inhibitory effect of miR-186 on the proliferation and metastasis of A549 and HCC827 cell lines. Taken together, our data indicated that miR-186 regulates lung cancer growth and metastasis through suppressing MAP3K2 expression, at least partly. Therefore, miR-186-MAP3K2 may represent a new and useful potential clinical treatment and diagnosis target for NSCLC.
Introduction
Lung carcinoma is one of the most common cancers in both male and female and the leading cause of cancer related death all around the world (1). In 2015, there were an estimated more than 222,0000 new cases of lung cancer accounting for 14% of all new diagnoses from cancer, and leading to an estimated 158,040 cancer deaths, in the United States (2) . Moreover, it is anticipated that the incidence of lung cancer will keep increasing in Asian and many developing countries with the high and increasing number of smoking. Rates of lung cancer are mainly determined by smoking patterns, but medical, occupational, and environmental radiation exposures, have also been shown to increase risks of lung cancer (3) .
Lung cancer is a heterogeneous disease that has historically been divided into two main types based on the disease patterns and treatment strategies: small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC) (4, 5) , and NSCLC comprises approximately 80% of all lung cancers (6) . Although the treatments of lung cancer have advanced and improved greatly, the 5-year survival rate of lung cancer patients is little improved (1) . Over the last decades, the local control for early-stage non-small cell lung cancer (NSCLC) has dramatically improved for lung cancer patients (7, 8) . However, nearly 20% of early-stage lung cancer patients are developing distant metastasis (9, 10) . In recent decades, tremendous efforts were made to understand the occurrence and development of lung cancer, but the metastasis mechanisms of NSCLC have not been clarified.
MicroRNAs (miRNAs) are a class of small endogenous non-coding RNAs with approximately 18-22 nucleotides in length. miRNAs can directly bind to the 3' untranslated regions (3'-UTRs) of target genes resulting in negatively regulating mRNA stability or suppressing translation (11, 12) . Increasing number of research has proven that miRNAs are involved in various cellular and molecular processes including growth, apoptosis, differentiation, metabolism and immunity (13, 14) . In addition, many studies have confirmed that miRNAs play crucial roles in the initiation and progression of human cancers, such as ovarian cancer (15) (19) . Nevertheless, recent studies reported the expression of miR-186 was decreased in various human malignancies and function as a tumor suppressor (20, 21) . A previous study showed that miR-186 was significantly decreased in non-small cell lung cancer (22, 23) . However, the concrete mechanism of miR-186 in lung cancer metastasis remains elusive.
In the present study, we found that miR-186 was significantly decreased in lung cancer tissues. Overexpression of miR-186 suppressed lung cancer cell proliferation, invasion, migration and induced apoptosis by direct targeting of mitogen-activated protein kinase kinase kinase 2 (MAP3K2). Our results revealed the miR-186-MAP3K2 may represent a new potential target for diagnosis and treatment of lung carcinoma.
materials and methods
Clinical specimens. A total of 20 cases of NSCLC specimens (20 tumor tissues and 20 matched adjacent normal tissues) were obtained from the Nanfang Hospital, Southern Medical University from 2014 to 2015. All patients underwent surgery before receiving chemotherapy and/or radiation therapy. All patients were histologically diagnosed according to the clinicopathological criteria of the UICC. The median age of NSCLC patients was 51.7 years (range, 49-68 years). All of the malignant tissues were from stage II-III tumors. The study was approved by the Ethics Committee of the Nanfang Hospital, Southern Medical University, and all volunteers provided informed consents for the use of their specimens in this study.
Cell lines and culture condition. Primary pulmonary epithelial cells (HPAEpiC) were purchased from ScienCell Research Laboratories (Carlsbad, CA, USA) and cultured according to the supplier's instructions using alveolar epithelial cell medium (ScienCell Research Laboratories; cat. #3201) with 10% fetal bovine serum (FbS; Gibco, Carlsbad, CA, USA). Human lung cancer cell lines A549, 95-D, HCC827 and NCI-H1650 were obtained from Shanghai Institute of Cell biology (Shanghai, China). Four cancer cell lines were cultured in the RPMI-1640 medium (ATCC, Manassas, VA, USA) with 10% FbS. The media contained 100 UI/ml penicillin and 100 µg/ml streptomycin. Cells were cultured and maintained in a humidified incubator at 37˚C and supplemented with 5% CO 2 .
Plasmid construction. The 3'-untranslated region (3'-UTR) of MAP3K2 was amplified from human genomic DNA and cloned downstream of psi-CHECK2 vector (Promega, Madison, WI, USA), and termed MAP3K2-3'UTR-WT. Mutations of miR-186 binding sites (AUUCUUU to CAAUCU) were introduced by QuikChange Site-Directed Mutagenesis kit (Stratagene, La Jolla, CA, USA), and termed MAP3K2-3'UTR-MUT.
For overexpression plasmid cloning, MAP3K2 cDNA was first reverse-transcribed from the RNA of the A549 cells using M-MLV Reverse Transcriptase (Promega) with oligo(dT) 18 primer. The coding region (1860 bp) was then amplified by PCR from cDNA and inserted into the HindⅢ/BamHⅠ site of the pcDNA3.1 vector (Promega). The following sequences were used: forward primer 5'-AAGCTTATGGATGATCA GCAAGC-3' and reverse primer 5'-GGATCCCTAGTGATA ATGCACAAACAT-3'. Cloned products were confirmed by DNA sequencing.
Cell transfection. A549 or HCC827 (1x10 4 ) cells/well were seeded in 96-well culture plates. After culture for 24 h, miR-186 mimics (100 mM) (Shanghai GenePharma Co., Ltd., Shanghai, China) or MAP3K2-siRNA (100 mM) (GenePharma) or pcDNA3.1-MAP3K2 (20 µg) or equal amount of negative control sequences and vectors were transfected into A549 or HCC827 cells using Lipofectamine 2000 (beyotime Institute of biotechnology, Shanghai, China). After cultured for different times, cells were harvested and used in further study.
Quantitative real-time polymerase chain reaction (qRT-PCR).
Total RNA from tissues or 1x10 7 cells was extracted using TRIzol reagent (Invitrogen Inc., Waltham, MA, USA). SYbR PrimeScript miRNA RT PCR kit (Takara bio, Dalian China) was used to detect the miR-186 expression level and results were Table I . Primer sequences used for miRNA and mRNA expression analysis.
Name
Primer sequence (5'-3')
F, forward primer; R, reverse primer; RT, reverse transcription primer.
normalized to U6. For qRT-PCR, 2 µg of total RNA was used for reverse-transcription PCR using M-MLV Reverse Transcriptase (Promega). SYbR-Green Real-Time Master Mix (Toyobo Co., Ltd., Osaka, Japan) was used to analyze the relative expression of MAP3K2 and GAPDH was used as an internal control. All primers were synthesized by Sangon (Sangon biotech Co., Ltd., Shanghai, China) (Table I) . Applied biosystems 7500 Sequence Detection system (Applied biosystems, Foster City, CA, USA) was used to perform qRT-PCR and data collection. miR-186 and MAP3K2 expression levels were calculated and normalized using the 2 -∆∆Ct method. Cell viability assay. The Cell Counting Kit-8 was used to estimate cell proliferation (24) . In brief, 1x10 4 A549 or HCC827 cells/well were seeded in 96-well culture plates. After transfected with miR-186 mimics (100 mM) (GenePharma) or MAP3K2-siRNA (100 mM) (GenePharma) or pcDNA3.1-MAP3K2 (20 µg) for 24, 48 and 72 h, cells were treated with CCK-8 solution for 1 h at room temperature. The absorbance was measured at 450 nm using a microplate reader Thermo Plate (Rayto Life and Analytical Science Co., Ltd., Shenzhen, China).
Apoptosis assay. The apoptosis of A549 or HCC827 cells transfected with miR-186 mimics or MAP3K2-siRNA or pcDNA3.1-MAP3K2 (20 µg) was tested using Annexin V-FITC/PI apoptosis detection kit (bD biosciences, San Jose, CA, USA) by flow cytometry as previously described (24) . All experiments were performed in triplicate.
Invasion and migration assay. The invasion and migration ability of A549 or HCC827 cells transfected with miR-186 mimics or MAP3K2-siRNA or pcDNA3.1-MAP3K2 (20 µg) was analyzed in 24-well Transwell chambers (8 µm; Millipore) as previously described (25) . The invading cells were fixed with 4% paraformaldehyde in PbS, stained with 0.5% crystal violet (Sigma-Aldrich, St. Louis, MO, USA) for 15 min and counted. Invaded or migrated cells were counted under a microscope (IX71; Olympus, Tokyo, Japan) at x200 magnification.
Statistical analysis.
All experiments were performed in triplicate and data were expressed as the mean ± SD. The difference among groups was determined by one-way analysis of variance (ANOVA) analysis and comparison between two groups was analyzed by a paired/unpaired Student's t-test using SPSS 18.0 program (SPSS Inc., Chicago, IL, USA). The differences were considered statistically significant at P<0.05.
Results

miR-186 is decreased in human lung cancer tissues and cells.
We first investigated the miR-186 expression levels in human lung cancer tissues and corresponding normal tissues. We found that miR-186 was markedly decreased in human lung cancer tissues (P=0.0066; Fig. 1A) . Furthermore, we also detected the miR-186 expression levels in four lung cancer cell lines. We found that miR-186 was significantly decreased in A549, 95-D and HCC827 cells (Fig. 1b) . based on the above results, lung cancer cell lines A549 and HCC827 were selected for the present study.
Forced expression of miR-186 induces cell apoptosis and suppresses proliferation.
To evaluate the biological functions of miR-186 on cell apoptosis and proliferation, miR-186 mimics were first transfected into A549 and HCC827 cells. Expression of miR-186 was assessed using qRT-PCR analysis and a respective 26.73-and 22.92-fold increased in miR-186 mimic-transfected cells compared with negative control (Fig. 2A) . Furthermore, we investigated miR-186 on cell apoptosis using flow cytometric analysis. We found that more apoptotic cells were observed in A549 (Fig. 2b) and HCC827 (Fig. 2C ) cells after forced expression of miR-186. The apoptosis rates of A549 cells transfected with miR-186 mimics and NC were 14.2±1.2 and 5.7±0.9%, respectively (Fig. 2D) . In addition, the apoptosis rates of HCC827 cells transfected with miR-186 mimics and NC were 15.6±1.1 and 9.6±1.3%, respectively (Fig. 2D) . Finally, we studied the role of miR-186 on proliferation using CCK-8 assay. We found that overexpression of miR-186 exhibited significantly lower proliferation rates of A549 (Fig. 2E) and HCC827 (Fig. 2F) cells.
Overexpression of miR-186 inhibits cell migration and invasion.
Migration and invasion abilities of A549 and HCC827 cells after transfected with miR-186 mimics were assessed using Transwell assay. Transfection of miR-186 mimics markedly reduced the number of A549 (Fig. 3A and b) and HCC827 ( Fig. 3C and D) cells that passed through the Transwell chamber. The results indicated that miR-186 might inhibit cell migration and invasion.
miR-186 directly targets MAP3K2 3'UTR.
To evaluate the molecular mechanism by which miR-186 inhibits the proliferation and metastasis of A549 and HCC827 cells, we first detected the protein expression level of MAP3K2 in human lung cancer tissues and compared non-cancerous tissues using western blot analysis. We found that MAP3K2 was increased in tumor tissues (Fig. 4A) . Furthermore, overexpression of miR-186 suppressed the protein expression of MAP3K2 in A549 and HCC827 cells (Fig. 4b) . Moreover, we predicted that the MAP3K2 is one of the target genes of miR-186 in human using the predication tool TargetScan and miRanda. miR-186 has one predictive target site in the MAP3K2 3' UTR (Fig. 4C) . In addition, the luciferase activity of MAP3K2 3'UTR-WT was significantly decreased upon overexpressed by miR-186 in A549 cells, whereas, its mutant type was not changed (Fig. 4D) . Taken together, our data indicated that MAP3K2 is a direct target gene of miR-186.
Silence MAP3K2 expression induces cell apoptosis and suppresses proliferation. To evaluate the role of MAP3K2 in miR-186-induced cell apoptosis and proliferation, MAP3K2- siRNA was transfected into A549 and HCC827 cells to specifically knock down MAP3K2 expression. MAP3K2 expression level was remarkably repressed at mRNA (Fig. 5A) and protein (Fig. 5b) level in A549 and HCC827 cells after MAP3K2-siRNA transfection. Furthermore, increased number of apoptotic cells were observed in A549 (Fig. 5C ) and HCC827 (Fig. 5D ) cells following repressed MAP3K2 expression. The apoptosis rates of A549 cells transfected with MAP3K2-siRNA and NC-siRNA were 20.0±1.4 and 9.4±1.2%, respectively (Fig. 5E ). In addition, the apoptosis rates of HCC827 cells transfected with MAP3K2-siRNA and NC-siRNA were 24.1±1.9 and 10.5±1.3%, respectively (Fig. 5E) . Finally, we found that the knock-down of MAP3K2 exhibited significantly lower proliferation rates of A549 (Fig. 5F) and HCC827 (Fig. 5G) cells.
Silencing MAP3K2 expression inhibits cell migration and invasion. Transfection of MAP3K2-siRNA markedly reduced the number of A549 (Fig. 6A and b) and HCC827 ( Fig. 6C and D) cells that passed through the Transwell chamber.
MAP3K2 ameliorated the inhibitory effect of miR-186 on cell proliferation and metastasis.
For further study, MAP3K2 was overexpressed after transfection of pcDNA3.1-MAP3K2 vectors in miR-186 A549 and HCC827 cells (Fig. 7A) . In addition, overexpression of MAP3K2 in A549 (Fig. 7b) and HCC827 (Fig. 7C ) overexpressing miR-186 cells significantly decreased the inhibitory effect of miR-186 on lung cancer cell proliferation (Fig. 7b and C) . Moreover, overexpression of MAP3K2 in A549 and HCC827 overexpressing miR-186 cells significantly reduced miR-186 induced cell apoptosis ( Fig. 7D and E) . Moreover, overexpression of MAP3K2 in A549 (Fig. 7F and G) and HCC827 (Fig. H and I ) overexpressing miR-186 cells significantly decreased the inhibitory effect of miR-186 on lung cancer cell migration and invasion ( Fig. 7F-I ).
Discussion
In recent years, increased number of studies found that miRNAs played critical roles in fundamental cellular processes (26, 27) , and an increasingly recognized that miRNAs are abnormally expressed and involved in a variety of human cancers (16, 18, 24, 28) . The expression of miR-186 has been found disordered in different human cancers. Zhang et al (19) found that miR-186 was significantly upregulated in pancreatic cancer and might play a critical role in diagnosis and prognosis of pancreatic cancer. Whereas, miR-186 was discovered decreased in lung adenocarcinoma and correlated with patient survival (22, 23) . Furthermore, tumor-suppressive effects of miR-186 in medulloblastomas (29) , endometrial (20) and prostate cancer (21) were also observed. However, little is known of the potential role of miR-186 on growth and metastasis of human non-small cell lung cancer.
In the present study, we first analyzed the expression of miR-186 in 20 lung cancer tissues and four cancer cell lines. Results showed that miR-186 was significantly decreased in cancer tissues and cell lines. The results were similar with previous research (22, 23) . To understand the biological role of miR-186 in lung cancer, the impacts of miR-186 on cell proliferation, metastasis and apoptosis were analyzed using CCK-8 assay, Transwell assay and flow cytometry apoptosis assay, respectively. Here, we found that overexpression of miR-186 induced A549 and HCC827 cell apoptosis and suppressed cell proliferation. Also, upregulation of miR-186 inhibited A549 and HCC827 cell migration and invasion. These findings suggested miR-186 played important roles in occurrence and metastasis of human non-small cell lung cancer and might be a useful diagnostic and predictive biomarker.
Subsequently, to understand the mechanism of miR-186 in regulating cell growth and metastasis, we demonstrated that mitogen-activated protein kinase kinase kinase 2 (MAP3K2) is a direct target of miR-186 in human lung cancer. MAP3K2, a member of serine/threonine protein kinase family in MAPK signaling pathway, is able to activate c-Jun N-terminal kinase (JNK) and ERK5 and preferentially activates other kinases involved in the MAP kinase signaling pathway (30, 31) . MAP3K2 was found to have important roles in epidermal growth factor (EGF), T-cell receptor and fibroblast growth factor 2 (FGF-2) signaling pathways in MAP3K2 knockout mice (30, 32, 33) . A previous study found that MAP3K2 is able to discriminate tumor from normal cells (34) and MAP3K2 contributed to growth of human hepatocellular carcinoma (35) , and miR-520b suppressed hepatoma cell proliferation by targeting MEKK2 (MAP3K2) (35) , suggesting that MAP3K2 may play important roles in the development of human cancer. In the present study, we found that MAP3K2 protein was significantly increased in human lung cancer tissues and cell lines. Furthermore, luciferase assays and western blot analysis confirmed that miR-186 directly targets MAP3K2 in lung cancer. In addition, knockdown of MAP3K2 by RNA interference assay markedly reduced the expression of MAP3K2 and suppressed lung cancer cell proliferation, migration and invasion and induced cell apoptosis. All the results indicate that decreased expression of miR-186 promotes cell proliferation and suppresses cell apoptosis capacity of human lung cancer through the MAP3K2 -mediated signal pathway.
In conclusion, we demonstrated that miR-186 is decreased in human lung cancer tissues and cell lines, which targets MAP3K2 directly. miR-186 mimics transfection and knockdown of MAP3K2 inhibited cell proliferative and metastasis of A549 and HCC827 cells and promoted cell apoptosis. based on the above, the present study may represent a novel indicator of poor prognosis in human lung cancer, and miR-186-MAP3K2 may represent a potential therapeutic target for diagnosis and therapy of human lung cancer.
